Abstract. We present the results of our high-resolution spectroscopic follow-up of 42 planetary transit candidates in Carina from the OGLE survey. This follow-up has already allowed the discovery of three new transiting exoplanets, OGLE-TR-111, 113 and 132, presented in earlier Letters (Bouchy et al. 2004; Pont et al. 2004 ). Here we analyse the data for the remaining 39 candidates. The radial velocity data show that most of them are eclipsing binaries, in very varied configurations. Precise radial velocity orbits were derived for 15 binaries, revealing 9 transits of small stars (generally M-dwarfs) in front of F-G dwarfs, 1 grazing equal-mass eclipsing binary, 4 triple and 1 quadruple systems. A remaining 14 systems appear binary, but the exact orbit is uncertain or was not determined. 2 objects do not show any radial velocity variations in phase with the transit signal, and 6 do not possess spectral lines strong enough for a reliable cross-correlation function to be measured. Among these last two categories, up to 6 objects are suspected false positives of the photometric transit detection. Finally 2 objects are unsolved cases that deserve further observations. Our study illustrates the wide variety of cases that can mimic photometric planetary transits, and the importance of spectroscopic follow-up. Multi-fiber capacities and an optimized follow-up strategy, which we present here, can help deal with the high number of candidates that are likely to turn up in the near future. An important by-product of this study is the determination of exact masses and radii for six very low-mass stars, including two at the very edge of the stellar domain, OGLE-TR-106 (M = 0.116 ± 0.021 M ⊙ ) and OGLE-TR-122 (M = 0.089 ± 0.007 M ⊙ ). The radius of these objects is consistent with theoretical expectations. Two further objects, OGLE-TR-123 and OGLE-TR-129, may harbour transiting companions near the brown-dwarf/stellar limit (M ≃ 0.07 M ⊙ ), whose confirmation requires further high-resolution spectroscopic monitoring. No transiting massive planets (M = 2 − 10M J ) were detected, confirming the rarity of such systems at short period as indicated by Doppler surveys. No light (M < 0.5M J ), large (R > R J ) planets were found either, indicating that "hot Saturns" generally have smaller radii than hot Jupiters. Three short period binaries with a M-dwarf companion show definite orbital eccentricities, with periods ranging from 5.3 to 9.2 days. This confirms theoretical indications that orbital circularisation in close binaries is less efficient for smaller companion masses. We also discuss the implications of our results for the statistical interpretation of the OGLE planetary transit survey in Carina in terms of planet frequency and detection efficiency. We find that the actual transit detection threshold is considerably higher than expected from simple estimates, and very strongly favours the detection of planets with periods shorter than about 2 days. The apparent contradition between the results of the OGLE transit survey and Doppler surveys can be resolved when this detection bias is taken into account.
Introduction
Since the groundbreaking discovery of 51 Pegasi (Mayor & Queloz 1995) , more that one hundred planets Send offprint requests to: e-mail: frederic.pont@obs.unige.ch ⋆ Based on observations collected with the UVES and FLAMES spectrographs at the VLT/UT2 Kueyen telescope (Paranal Observatory, ESO, Chile, Programme 72.C-0191) have been detected around other stars, the vast majority of them by radial velocity surveys. In the wake of the first exoplanet detection, Gilliland et al. (2000) have monitored several thousand stars in the globular cluster 47 Tuc with the HST in search of photometric planetary transits, but none were found. A results that is now attributed to the paucity of short-period planets around metal-poor stars (Sackett et al. 2005) .
Transiting planets are especially valuable in the study of exoplanets, because the presence of a transit allows the determination of the exact mass and radius -and therefore mean density -of the planet. These are obviously very important parameters in the physical understanding of exoplanet structure and evolution. Data from transits are thus an important complement to radial velocity planet searches which provide only an estimate of M pl sin i in addition to orbital parameters.
The first exoplanet transit was detected around HD 209458 by Charbonneau et al. (2000) and Henry et al. (2000) , the planet having been previously discovered in radial velocity by Mazeh et al. (2000) . This planet has turned out to have a radius much larger than Jupiter, R = 1.35 ± 0.06 R J (Brown et al. 2001) , and to be undergoing significant evaporation Brown et al. 2002; Vidal-Madjar et al. 2003 .
In recent years, increasing telescope automation and the capacity to process large amounts of CCD photometric data have make possible several ambitious ground-based searches for planetary transits: e.g. STARE , WASP (Kane et al. 2001) , PLANET ). Up to now, the most successful of these searches has been the OGLE survey, which monitored 3 fields in the direction of the Galactic bulge and 3 fields in Carina during 2001/2002, annoucing 137 possible transiting candidates (Udalski et al. 2002a (Udalski et al. ,c,b, 2003 . After these candidates were announced, several spectroscopic follow-up programmes were initiated (Konacki et al. 2003b; Dreizler et al. 2002; Gallardo et al. 2005) , including our own follow-up of 17 candidates in the Galactic bulge field , hereafter Paper I). It was found that the vast majority of transiting candidates were eclipsing binaries, as predicted by the simulations of Brown (2003) .
In this context, Konacki et al. (2003a) announced the first exoplanet discovered by photometric transit surveys, OGLE-TR-56b (Bouchy et al. 2005, confirmed by) . This planet was found to orbit with the unexpectedly short period of 1.2-days, much shorter than the observed pile-up of periods above 3 days in radial velocity surveys.
In March 2004, using the FLAMES/UVES multi-fiber spectrograph on the VLT, we acquired high-resolution spectroscopic information for 42 of the most promising candidates in the OGLE Carina fields, up to 8 spectra per object. Three planet were discovered in this way: OGLE-TR111b ), OGLE-TR-113b and OGLE-TR-132b . Two of them are other instances of very short-period planets, revealing that the case of OGLE-TR-56b was not uncommon. OGLE-TR-113b was subsequently confirmed by independent radial velocities (Konacki et al. 2004 ) and a high-accuracy photometric transit curve was obtained for OGLE-TR-132 by Moutou et al. (2004) . One more object in the OGLE survey, OGLE-TR-10, has gradually emerged as a solid transiting planet detection (Konacki et al. 2003b; Bouchy et al. 2005; Konacki et al. 2005) .
The only other transiting planet discovered to date by transit searches is TrES-1 (Alonso et al. 2004) . The total of known transiting planets now stand at seven, and have already spurred several interesting studies (e.g. Burrows et al. 2004; Chabrier et al. 2004; Lecavelier des Etangs et al. 2004; Sasselov 2003; Mazeh et al. 2005) .
In Paper I, we showed that most of the OGLE transiting candidates are in fact eclipsing binaries. These binaries can be interesting in their own right, especially since in many of them the eclisping body is a very small star. Because the mass and radius of the transiting body can be obtained from the transit and radial velocity data, an important by-product of the radial velocity follow-up is to provide constraints on the mass-radius relation for low-mass stars (see Paper I). These data augment those from brighter eclipsing binaries and from interferometric studies or nearby M-dwarfs.
The present paper exposes the results of our spectroscopic follow-up of OGLE transiting candidates in Carina (Candidates number 60-132 described in Udalski et al. 2002b Udalski et al. , 2003 . Section 2 presents the spectroscopic data and reduction, Section 3 explains the tools used in the analysis of the light curve and spectroscopic data, Section 4 presents the resolution of all cases by category, Section 5 includes individual notes on some objects, and Section 6 discusses some implications of this study, notably on the stellar mass-radius relation for low-mass stars and the statistical implications of the planet detections.
Observations and reductions
The observations were acquired in 8 half-nights (32 hours) on FLAMES on 13 to 21 March 2004 (Prog. 72.C-0191) . FLAMES is a muli-fiber link which allows to feed the highresolution spectrograph UVES with up to 7 targets on a field of view of 25 arcmin diameter, in addition to a simultaneous thorium calibration. In a previous run on this instrument (Paper I), we have shown that FLAMES was able to measure radial velocities with an accuracy of about 30 m s −1 on stars down to the 16th magnitude in I. Some trials with HARPS and UVES in slit mode (see Paper I) led to the conclusion that FLAMES was a very efficient instrument for the radial velocity follow-up of OGLE transit candidates.
Target selection and observing strategy
For the 73 OGLE transit candidates in the Carina field (OGLE-TR-60 to TR-132), the most promising candidates in terms of planetary transits were selected according to three main criteria:
1. the radius of the eclipsing body indicated by the depth and duration of the transit. 2. the shape of the transit. A U-shape (flat-bottom) transit indicates a central transit, while a V-shape indicates a grazing transit, therefore a probable eclipsing binary. 3. the amplitude of the sine and double-sine modulations seen in the light curve. Sirko & Paczinski (2003) have analysed the OGLE candidate light curves and shown how the influence of a massive companion could be detected by modulations of the light curve outside the transits.
Using these three criteria and other occasional indications such as the presence of an anti-transit secondary signal, an initial list was built with 14 first-priority and 16 second-priority F. objects. 43 candidates were considered almost certainly binaries from these considerations alone.
In order to optimize the use of telescope time, we used a real-time replacement strategy throughout the observing run: as soon as an object was detected as a binary (i.e. photometric transit signal not caused by a planet but by an eclipsing binary), the object was marked for possible re-allocation of the corresponding FLAMES fiber to another target. The objects were also marked if no signal was detected in the cross-correlation function (indicating a fast-rotating star, an early-type star or a heavily blended system). In the following night, the fiber corresponding to the objects marked was re-allocated to a new target, if allowed by the distribution of the targets in the sky. In that way, we could observe and characterise 42 objects with four fields of 7 fibers and make a highly efficient use of the multiplex facility. We could observe all first-priority targets, and 11 of the 16 second-priority targets 71, 73, 74 and 115 were left unobserved because of their inconvenient position in the field).
As reminded in the introduction, most OGLE candidates are eclipsing binaries rather than planets. We used three criteria to identify eclipsing binaries from the spectroscopic measurements: (i) presence of more than one set of lines in the spectrum (double-or triple-lined binaries). (ii) rotational broadening of the lines corresponding to tidal synchronisation. (iii) large variations of the radial velocity. Figure 1 shows examples of spectral cross-correlation function (CCF) illustrating the different cases. Fig. 1 . Example of cross-correlation functions from our programme: for an unrotating star (left), for a rotating star synchronised with the eclipsing companion (middle) and for a triplelined spectroscopic binary (right). In the last case, the third component is the wide depression between the two deeper dips.
Note that criteria (i) and (ii) require only one spectroscopic measurement. Criteria (ii) is based on the fact that binaries with periods smaller than about 10 days are expected to be tidally locked to their companions in synchronous rotation. The increased rotation velocity is observed as a broadening of the correlation dip in the cross-correlation function. See Section 3 for more details.
Radial velocities
The spectra obtained from FLAMES/UVES were extracted using the standard ESO-pipeline with bias, flat-field and background correction. Wavelength calibration was performed with the ThAr spectra. The radial velocities were obtained by crosscorrelation with a numerical template constructed from the Sun spectrum atlas. The ThAr spectrum was used in order to compute the instrumental drift by cross-correlation with a Thorium template (see Paper I for details). Radial velocity uncertainties were computed as in Paper I. The most precise of our measurements (σ < 50 m s −1 ) are not photon-noise limited and we added quadratically an uncertainty of 30 m s −1 in order to take into the account systematic errors probably due to wavelength calibration errors, fiber-to-fiber contamination, and residual cosmic rays. This value was ajusted on the O-C residuals of the non-rotating star without significant radial velocity variations OGLE-TR-131 ).
In the case of double-lined and triple-lines spectra, the radial velocities of each component were calculated with standard techniques for spectroscopic binaries. Iterative solutions were often necessary to disentangle the components when the multiple line systems are blended with eachother. We note that the radial velocity uncertainties were calculated assuming single-lined spectra and in the case of blended spectra they may be underestimated.
Our radial velocity measurements and cross-correlation function parameters are listed in Table 8 and analysed in Section 4.
Rotation velocities
Rotational velocities were computed from the observed crosscorrelation function using rotationally broadened line profiles convolved with a Gaussian instrumental profile of width 4.0 km s −1 (found suitable for our instrumental setup in Paper I). The profiles were fitted to the CCF simultaneously with the radial velocity to determine the projected rotation velocity v sin i of the target objects. A quadratic limb-darkening with coefficients u1 + u2 = 0.6 was assumed (The computations of Barban et al. 2003 , find that such a coefficient is a suitable approximation for a wide range of spectral types in wavelengths corresponding to the V filter).
Stellar spectroscopic parameters
For the slowly-rotating stars in our sample, the stellar parameters (temperatures, gravities and metallicities) were obtained from an analysis of a set of Fe  and Fe  lines, following the procedure used in . The precision of the derived atmospheric parameters is limited by the relatively low S/N of the combined spectra (30-50), together with some possible contamination coming from the ThAr spectrum.
For the stars in our sample rotating with v sin i≥20 km s −1 , or multiple-lined spectra, the method described in is not applicable, because the measurement of individual equivalent widths is not accurate enough due to line blending. The majority of the objects in our sample are actually in 4 F. Pont et al.: Follow-up of OGLE transits in Carina this case. When necessary for the resolution of the case, we have determined very rough estimates of the spectral type by visual comparison of the observed spectra with a grid of synthetic spectra.
Analysis
A detailed description of our analysis tools for photometric and spectroscopic data of transiting candidate is given in Paper I. We briefly sketch the analysis "toolbox" below and refer to Paper I for a more detailed description.
Synchronised rotation of eclipsing binaries
For close binaries, with rotation periods of the order of a few days, we expect the rotation axis to be aligned with the orbital axis and the system to be tidally locked (e.g. Levato 1976; Hut 1981) . For known close binaries, the alignment of the axes and the tidal locking is fast. In that case, P rot = P transit and the rotation velocity is directly related to the radius of the primary. In Paper I, we could indeed verify this hypothesis in all the target observed, and we shall use it here both to estimate the primary radius R and as an indication that the companion is massive when we have only one spectroscopic measurement. Figure 2 shows, for the Carina sample, the rotation velocity of the primary target as a function of the period of the transit signal (for transiting objects, sin i ≃ 1 and therefore V rot ≃ v sin i). Most objects have a rotation velocity compatible with synchronisation for reasonable values of the primary radius (1-2 R ⊙ ), indicating that eclipsing binaries dominate the sample. The only exceptions are the three planet hosts OGLE-TR-111, 113 and 132, and the objects OGLE-TR-97, 124 and 131. The first of these has a triple-lined spectrum and the last two are suspected false transit detections (see Sect. 4.4).
Revised period
The radial velocity data, obtained two years after the photetric data, generally allows a significant improvement of the determination of the orbital periods. Some systems turn out to be grazing, equal-mass eclipsing binaries where both the eclipse and anti-eclipse were visible in the light curve. In these cases the real orbital period of the system is double the period in Udalski et al. (2002b Udalski et al. ( , 2003 .
Contrarily to Paper I, there were no cases where the radial velocity indicated a completely different period than the photometry. This reflects the fact that much less candidates with only two or three measured transits were accepted in the OGLE Carina sample than in the Galactic bulge sample.
Analysis of the transit shape
The depth, width and general shape of the transit signal depend on a combination of physical variables, mainly the radius ratio q R (noted r in Paper I), the primary radius R and the impact parameter b (or, equivalently for circular orbits, the angle i of the normal of the orbital plane with the line-of-sight) and the orbital eccentricity. It is also more weakly dependent on the Fig. 2 . Rotation velocity of the primary vs period for our sample. The lines show the expected rotation velocity for tidally locked systems with radii of 1 R ⊙ and 2 R ⊙ for the primary. For objects at v sin i=5 km s −1 (dotted line), the value given is an upper limit. Uncertainties are indicated only when larger than the symbols (an uncertainty of 10% is used for values based on single spectra). Black dots show objects with a precise radial velocity orbits, triangles the detected planets. The three open circles isolated in the lower left are OGLE-TR-97 (triple system), 124 and 131 (suspected false transit detections). For all other objects the rotation velocity is compatible with synchronous rotation. total mass (m + M) -via the orbital period and semi-major axis for a Keplerian orbit -and the limb darkening coefficients. The parameter q R is mainly constrained by the transit depth, b by the transit shape and the factor R(m + M) −1/3 by the transit duration.
The light curves were fitted by non-linear least square fitting with analytic transit curves computed according to Mandel & Agol (2002) , using a quadratic limb darkening model with u1 + u2 = 0.3. Note that this is different from the coefficients used for the determination of the rotational velocity, because the wavelengths are different. The OGLE data was obtained with an I filter while the spectra are centered on the visible. The fitted parameters were q R , V T /R and b, where V T is the transversal orbital velocity at the time of the transit. The uncertainties on these parameters were estimated using a method that takes into account the covariance of the photometric residuals (see Paper I for details).
Synthesis of the spectroscopic and photometric constraints
For convenience, the six relations used to infer the system parameters from the observables are repeated below from Paper I:
with a = 4.20
where v sin i is the projected rotation velocity in km s −1 , i the orbital inclination, P the period in days, R, r, M and m the radii and masses of the eclipsed and eclipsing bodies in solar units, K the primary radial-velocity semi-amplitude in km s −1 , and a the orbital semi-major axis in units of R ⊙ . The function f in the last equation is the relation given by the theoretical stellar evolution models of Girardi et al. (2002) .
We assumed that all orbits were circular (e = 0) unless the radial velocity data clearly indicated otherwise. Very close binaries are expected to be circularized on a timescale shorter than typical stellar ages. However, the circularisation timescale increases with decreasing companion mass (Zahn 1989) , so that some of the low-mass companions in our sample may still have eccentric orbits. Four objects show definite indications of e 0 in the velocity curve. For eccentric orbits, Equ. (2), (3) and (4) above must be slightly modified. The distribution of eccentricities are discussed in Section 6.2.
Results
The analysis of the 42 objects measured in spectroscopy is presented below, divided for convenience according to categories reflecting the treatment of the data and the nature of the systems: single-lined spectroscopic binaires (eclipsing binaries with small companion), multiple-lined spectroscopic binaries (grazing eclipsing binaries, multiple systems, line-ofsight blends), transiting planets, suspected false transit detections, and objects without CCF signal.
4.1. Single-lined spectroscopic binaries 4.1.1. Eclipsing binaries with resolved orbits 78, 105, 106, 120, 121, 122, 125 and 130 show single-lined spectra with radial velocity variations compatible with orbital motion at the period given by the photometric transits. They are eclipsing binaries, with a fainter, unseen companion causing the observed photometric signal. The radial velocity data were fitted with Keplerian orbits. Figure 3 shows the resulting radial velocity orbits. The spectroscopic and light-curve data were then combined as described briefly above and more fully in Paper I to determine the mass and radius of both components. The target stars are assumed to be tidally locked to their companion in synchronous rotation, which implies that the rotation velocity derived from the broadening of the cross-correlation function is directly related to the star's radius (Equ. 1). Contrarily to Paper I, for most of the objects in this study we have no precise spectroscopic estimate of the temperature, because of the rotational line broadening and the low signal-to-noise of the spectra. When necessary to constrain the solution, the existence of a signal in the crosscorrelation function was used to give a broad upper limit to the temperature, T e f f < 7000 K. This improves the solution for m by eliminating very high values of M in cases when R is large (namely for OGLE-TR-78 and 125).
The results for the radial velocity orbit and the rotation velocity are given in Table 1 . The parameters obtained from the combination of the light curve and spectroscopy are given in Table 7 . Two different methods were used to combine the constraints (1)-(6): if the impact parameter was low, the solution was obtained by χ 2 minimisation as in Paper I. For higher values of the impact parameter, the radius ratio is partly degenerate with the orbital angle. In these cases (OGLE-TR-72, 105, 121), we first obtained an estimate of the primary mass using the approximate relation M ∼ √ R, then fitted the light curve with V T /R fixed and only the radius ratio and impact parameters as free parameters. Obviously, in that case some values obtained can have higher uncertainties, as are indicated in Table 7 with columns.
For OGLE-TR-105, the radial velocity data show that the period needs to be doubled, and that both transit and anti-transit were visible in the photometric data.
OGLE-TR-122 is the smallest stellar object in our sample, with a planet-like radius, and as such is highly interesting. It is analysed in more details in a separate Letter (Melo et al. 2005 ).
Eclipsing binaries with tentative orbits
OGLE-TR-123 was measured only three times and the solution proposed in Table 1 is only tentative. Our three spectra for this objects show a wide CCF signal, with v sin i≃ 34.5 km s −1 , and small velocity variations to the level of a few km s −1 . The rotation is compatible with synchronisation, and would indicate R ∼ 1.2 R ⊙ . A circular orbit fitted on the velocity points with the epoch of the transit signal gives K = 12.08 km s −1 , V 0 = 0.66 km s −1 and P = 1.8038 days. These are tentative values because the number of free parameters is equal to the number of points. If the period is fixed to the OGLE value as well, the orbit fit yields K = 11.32 ± 0.6 km s −1 and V 0 = 0.77 ± 0.40 km s −1 . This implies r = 0.097 ± 0.006 R ⊙ and m ≃ 0.070 M ⊙ for the transiting body, making OGLE-TR-123 an extremely interesting candidate of transiting brown dwarf or low-mass star near the Hydrogen-burning limit (see Fig. 10 ). However, the transit duration is longer than would be predicted by this scenario. More radial velocity data would be needed to confirm the period and exclude more complex blend scenarios.
OGLE-TR-129 has a wide and very shallow signal in the CCF, and the radial velocities have large uncertainties. The projected rotation velocity is v sin i∼ 23 km s −1 , which implies R ≃ 2.6 R ⊙ in case of synchronised rotation. The spectrum indicates a high temperature, T e f f ≥ 6500, compatible with Table 1 . The measurements uncertainties are plotted only when larger than the symbols.
this radius value. The radial velocity data phased on the period of the photometric transit signal are compatible with a markedly excentric orbit. There is some degeneracy between the excentricity and K, and orbits with lower eccentricity and lower values of K are also marginally compatible with the data.
Possible values for K would imply m = 0.07 − 0.13 M ⊙ for the transiting body. A transiting M-dwarf scenario is not coherent, however, with the transit shape and depth if the primary is synchronised: the amplitude of the radial velocity variation indicates m ≤ 0.2 M ⊙ , but the transit depth indicates r/R ∼ 0.2, therefore with a synchronised primary r ∼ 0.5 R ⊙ for the secondary. Such a mass-radius relation for a M-dwarf is not expected. Moreover, the transit is clearly V-shaped, indicating a grazing transit with b ∼ 1, which would imply an even larger secondary. The position of OGLE-TR-129 in Fig. 11 indicates that it lies near the transit detection threshold, with S d = 20. Comparison with other similar cases (see Section 4.4) suggest that it may be a false positive. In that case, the radial velocity variation may be unrelated to the photometric transit signal. Alternatively, the radial velocity variations may be explaind by a blend of more than one set of lines. The radial velocities are not precise enough to distinguish a Keplerian orbit from other types of variations. In summary, a possible scenario for OGLE-TR-129 is that of a 0.07 − 0.015 M ⊙ transiting M-dwarf with a hot, fast-rotating primary that is not yet synchronised, but other scenarios cannot be entirely excluded.
The proposed orbits for these two objects are displayed in Fig. 4 .
Probable eclipsing binaries without resolved orbits
OGLE-TR-63 was measured three times in spectroscopy. Its rotation velocity is compatible with orbital synchronisation. Because the rotational broadening is very large (v sin i∼ 74 km s −1 ), the radial velocities have high uncertainties. Moreover, the period near 1 day causes an unfavourable phase sampling. As a consequence, the radial velocity data is compatible with both a small M-dwarf transiting companion and with a constant velocity. This case remains unsolved.
OGLE-TR-94, 98, 99 and 126 were measured only once in spectroscopy. Their rotational line broadening is compatible with tidal synchronisation at the period of the observed transit signal (see Table 1 and Fig. 2 ), so that these objects are very likely to be eclipsing binaries. Note that even if by chance the high rotation velocity were not due to orbital synchronisation, it would make the detection of a planet orbital motion very challenging anyway, because the high width of the spectral lines significantly increases the uncertainty on the derived radial velocities. The resulting radial velocity uncertainties would be too high to reveal a planetary orbit with our FLAMES/VLT observational setup and reasonable exposure times. Moreover, if the rapid rotation were not due to synchronisation, it would most probably indicate an early-type primary. In that case, the large radius of the primary would imply a secondary radius too large for a planet. Therefore, we do not expect to miss any planet detection by rejecting these fast rotators.
For these objects, a tentative value of the primary radius can be obtained from the rotation velocity and Equ. (1), and the secondary radius can be estimated through the radius ratio obtained by a fit of the lightcurve. No mass estimate can be derived. Table 2 gives v sin i, R and r for these objects. These values are tentative estimates and no uncertainties are derived.
In the case of OGLE-TR-94, the lightcurve indicates a grazing transit, so that the radius ratio is degenerate with the impact parameter. Only a lower limit can be assigned to r. It is also possible that both the eclipse and anti-eclipse are seen, and in that case the period has to be doubled and the secondary radius is comparable to the primary radius, so that the value of r given in the table is really a lower limit. Table 2 . Rotation velocity and radius estimates for primary and secondary components of single-lined suspected binaries without orbits. N: number of spectra; v sin i: projected rotational velocity of the primary; R and r: radius of the eclipsed and eclipsing bodies respectively.
Double-lined or triple-lined spectroscopic binaries
Such systems range across a wide variety of cases: grazing eclipsing binaries, triple and quadruple systems. The resolution of the cases in this section necessitates the full arsenal of spectroscopic binaries analysis, that we will not repeat in detail here. The CCF components are often blended with eachother and their separation requires a global, iterative treatment of all the measurements. When an orbit could be determined, the orbital solution is given in Table 3 and illustrated in Figure 5 .
Estimates of masses and radii are given in Table 7 . Other cases are presented in Table 4 . The radius of probably synchronised component is estimated from the rotation velocity.
Grazing equal-mass eclipsing binaries
OGLE-TR-64 shows two dips in the cross-correlation function varying in anti-phase. The mass of both components can be determined precisely from the orbit in the usual way of doublelined spectroscopic binaries. Both radii can be determined from the rotation velocities derived from the line broadening in the CCF. The sin i factor can be calculated from the a posteriori fit of the light curve with both radii fixed. The period is the double of that given by Udalski et al. (2002b) , because both the eclipse and anti-eclipse are seen in the light curve. OGLE-TR-69 and 110, with only one or two measurements showing two sets of lines with a large radial velocity difference and rotational broadening compatible with orbital synchronisation, are also probable grazing eclipsing binaries. The masses of the components could be estimated from the velocities using the period and epoch of the photometric transits, but the time interval between the two sets of measurements is too large to provide reliable values.
Triple systems with faint eclipsing companion
OGLE-TR-76 and 85 are triple systems with two sets of lines in the spectrum, an eclipsing binary blended with a third body. In thes cases the CCF shows one set of lines with orbital motion, broadened by synchronous rotation, and the other without radial velocity change. Therefore the body causing the eclipse is an unseen third body in orbit around the first. The second body seen in the CCF is either gravitationally bound to the two others in a triple system, or an unrelated star along the same line-of-sight. The treatment of these cases is the same as for single-lined spectroscopic binaries, except that the lightcurve also contains an unknown contamination from the third body, so that the radius ratio cannot be determined from the transit signal. OGLE-TR-81, 93 and 95, with one measurement only, show one broad and one narrow component in the CCF and are probably similar systems.
Triple systems with equal-mass grazing binary
OGLE-TR-65 and 114 show three sets of lines in the CCF. These targets are equal-mass eclipsing binaries in triple systems. OGLE-TR-96, with only one measurement, appears to be a similar system with two synchronised components and a wider component (a fast-rotating F-dwarf).
Quadruple system
OGLE-TR-112 is a truly involved case with three dips in the CCF, all varying in radial velocity on short timescales. It is a quadruply system, with three components visible in the spectra. Two of them describe an excentric orbit around each other with a period unrelated to the photometric signal (P ≃ 10.63 days). The third has an orbit with the period of the transit signal, revealing that it is eclipsed by a fourth, unseen companion. Therefore OGLE-TR-112 is a system consiting in two close binaries.
Note that for all triple systems, the radial velocity of the third component is near enough to the systemic velocity of the eclipsing binary for the systems to be gravitationally bound multiple systems rather than line-of-sight contamination. Table 4 . Number of measurements and rotation velocity for double-lined and triple-lined systems without orbital solution. Column 5 indicates the implied radius in case of synchronised rotation. Uncertainties on the v sin i are of the order of 10 percent. When indicated, the orbital period is twice the OGLE period because the system contains an equal-mass eclipsing binary.
Probable binaries with ambiguity in the configuration
For some double-lined objects with only one spectroscopic measurement, the broadening of some of the spectral components are compatible with synchronous rotation with a massive eclipsing companion, but there is not enough information to determine the exact parameters of the system. Table 4 gives, for these objects, the rotation velocities indicated by the CCF components, and the corresponding radius if the rotation velocity is compatible with the period of the photometric transit signal, or with double that period for suspected grazing binaries. For OGLE-TR-69, 81, 93, 96 and 110, the rotation velocities allows a tentative scenario to be proposed. OGLE-TR-69, Table 3 . Orbital elements and rotation velocities for double-lined and triple-lined systems. Column 2: system components. By convention the eclipsing components are always "a" and "b". Columns 3-7 : Parameters of the orbital solution. P: revised period, T tr : epoch of the transits (fixed), P OGLE : original OGLE period, K: orbital semi-amplitude, V 0 : systemic velocity. The excentricity was fixed to zero in all cases except for the second system ("cd") of OGLE-TR-112, where e = 0.55 ± 0.02. Column 8: rotation velocity from the cross-correlation function.
Fig. 5.
Radial velocity data and resulting orbits for double-lined and triple-lined spectroscopic binaries. The transit epoch is derived from the photometric data. The corresponding parameters are given in Table 3 . The different components identified in the spectra are identified with different symbols. In all plots the black dots indicate the object undergoing the eclipse at T tr (OGLE) . Error bars are comparable to the size of the symbols or smaller. The radial velocity of components witout significant radial velocity changes was fixed to a constant values to allow a better solution for the other components. Note that OGLE-TR-112 is plotted in date instead of phase because of the two different periods.
96 and 110 appear to be grazing equal-mass binaries with double the OGLE period (Sect. 4.2.1). OGLE-TR-81 and 93 appear to be spectroscopic binaries blended with a non-rotating third body (Sect. 4.2.2).
For OGLE-TR-97, several scenarios are possible and none is clearly favoured. Details are given in the comments on individual objects in Section 5. The CCF shows three clear dips, but none of the calculated rotation velocities are compatible with synchronisation with the (very short) period indicated with the photometry. More measurements would be needed to determine the nature of this system. However, since the presence of three sets of lines in its spectrum show that it is a blended system, it loses its interest in the context of planetary transit search, which was the main objective of our study.
Transiting planets
Transiting exoplanets were securely detected around three of the objects: OGLE-TR-111, OGLE-TR-113 and OGLE-TR-132. A detailed account has been previously published in Bouchy et al. (2004) and Pont et al. (2004) . The orbits are included in Figure 6 for completeness. 
Stars without short-period radial velocity orbit
Two objects, measured 8 times each, with very high-accuracy radial velocity data, show no radial velocity variation in phase with the transit signals to the level of less than 50 m s −1 (see Fig. 7 ). OGLE-TR-124 shows a constant drift of the radial velocity throughout the observation period, and OGLE-TR-131 shows radial velocity residuals consistent with the noise around a constant velocity. A third object, OGLE-TR-109 shows no significant radial velocity variations either, but with larger uncertainties due to a large rotational broadening. These objects are discussed in some detail here. They are interesting in the context of planet search because the absence of detected shortperiod radial velocity orbit is compatible with the explanation of the photometric data in terms of planetary transit if the planet mass is smaller than some upper limit. Spectroscopic information for these objects is given in Table 5 . For the reasons exposed below however, we estimate that these objects are probably false positives of the transit detection procedure.
OGLE-TR-109: The spectral lines of OGLE-TR-109 show a large rotational broadening, indicating v sin i= 35.4 ± 1.8 km s −1 . The radial velocity uncertainties are correspondingly higher, and our 8 measurements show no significant variation within these uncertainties. The radial velocity data is displayed in Fig. 7 . Fitting a circular orbit at the period of the transit gives K = −1.5 ± 0.9 km s −1 . The temperature of the target is T ∼ 7000 K according to our estimation, T = 7580 ± 370 K according to Gallardo et al. (2005) . Synchronisation with the transiting companion would imply R ≃ 0.4 R ⊙ , which is incompatible with the temperature observed. Even if both eclise and anti-eclipse were seen, the primary radius would only be R ∼ 0.8 R ⊙ , still much too low to match the spectral type. Therefore the target is a non-synchronised, fast-rotating F-star, which leaves three scenario open:
-a transiting planet -a blend with a background eclipsing binary -a false positive of the transit detection
The third possibility is discussed further at the end of this Section.
OGLE-TR-124: This object exhibits a linear drift in the radial velocity across eight nights of measurements,V r = −73 ± 15m s −1 day −1 . The measured rotational velocity, v sin i= 6.3±0.1 km s −1 , is not compatible with tidal synchronisation. That the radial velocity drift is indeed a long-term drift and not part of a short-period orbit was verified with a single later measurement on this objects with the ESO HARPS spectrometer on JD = 2453151.53 with V r = −8.982 ± 13 km s For both OGLE-TR-124 and OGLE-TR-131, the best fit to the light curve is given by a grazing transit with a large impact parameter. Therefore the explanation in terms of transiting planet is much less likely than in terms of blend with a background eclipsing binary contributing a few percent of the light and not seen in the CCF, or in terms of false positive of the transit detection procedure.
We note that all three objects in this section belong to a category where the existence of the transit signal itself is not beyond doubt -see Section 6.4 and Fig. 11 , where we try to estimate the actual detection threshold of this OGLE transit survey in Carina. The position of OGLE-TR-109, 124 and 131 in Figure 11 shows that they stand out below the other confirmed candidates in terms of significance of the transit detection. The position of these objects without detected velocity variations near or below the detectability threshold is unlikely to be a coincidence. Some or all of them may simply be false positive of the transit detection procedure, a suspicion reinforced by their non-square shape for OGLE-TR-124 and OGLE-TR-131. The likelihood of OGLE-TR-109 being a false transit detection is difficult to evaluate because OGLE-TR-109 is situated in a magnitude range where the sensitivity limit of the OGLE transit search is not easy to define. The sensitivity limit has two regimes: for m I ≥ 16 mag, the photon noise dominates, which makes the errors uncorrelated and produces a detection limit dependent on the S d parameter. For brighter magnitudes, the systematic drifts in the photometry become the dominant obstacle to the detection. The covariance of the residuals on timescales of a few hours -comparable to the duration of the transit signal -make the actual transit detection threshold much higher than in the case of white noise. This effect is clearly reflected in Figure 11 by the total absence of low-S d detections below m I ≃ 15. In this second regime, the detection threshold can be modelled with an "effective" σ phot that does not reduce below a certain value, even when the nominal individual errors on the photometric data decrease. The limits resulting from this assumption are displayed on Fig. 11 for floor values σ phot = 4.5 and 6 mmag.
The general behaviour of the transit detection threshold is clear from the position of the OGLE data relative to these two detectability regimes, but the transition from one regime to the other is difficult to locate. Indeed, the status of OGLE-TR-109 is critical to the localisation of this threshold, since it is the only object in the relevant zone.
A finer analysis of the detectability threshold, which is beyond the scope of this discussion, would be necessary to ascertain whether OGLE-TR-109 is a likely false positive or bona fide transit system. Given that OGLE-TR-109 is in absolute terms the shallowest of all OGLE transit detections (d ≃ 8 mmag), we would tend to lean towards the first explanation. In the second case, higher accuracy photometric coverage of the transit would be useful to determine if the duration and shape is coherent with the planet scenario. That would make it the first planet detected around a fast-rotating F-star. Nevertheless, even with better photometry, radial velocity confirmation would be out of reach of present observational means. Figure 11 is discussed further in Section 6, where we reflect on the characteristics of the actual OGLE transit detection threshold. Table 5 . Data for objects with no significant orbital signal in phase with the transits. N: number of measurements, v sin i: projected rotation velocity, < ǫ V r > mean radial velocity uncertainty, RMS: dispersion of radial velocity residuals, m max : upper limit on the mass of a transiting companion. In the case of OGLE-TR-124, the secular drift has been substracted.
Objects with no clear signal in the spectral CCF

Fig. 8.
Lowe limit for the rotation velocity as a function of period for objects without detected signal in the CCF, if they are single stars of spectral type later than F2. Lines as in Fig. 2 sence of signal can be due to several causes: (i) the target is an early-type star (earlier than about F2) and fast-rotating, with few narrow metallic lines. (ii) synchronous rotation broadens the lines below the detection threshold (iii) the target is a multiple-line spectroscopic binary, with the flux from each components damping the depth of the CCF of the other component. (iv) the signal-to-noise ratio of the spetrum was too low even to detect a narrow CCF dip.
Only in case (iv) does the target remain a plausible planetary transit candidate. In case (i), the primary has a large radius, and therefore the eclipse depth implies a secondary radius larger than expected for planets. In case (ii), the same arguments as in Section 2.1 indicate that the eclipsing companion is likely to be of stellar mass. In case (iii), the flux of the other components dilutes the transit, so that the minimum radius of the transiting body also becomes larger than expected for a planet.
For each of the objects without a detected CCF signal, we calculated the lower limit of the rotation velocity compatible with the absence of detection in the case of a late-type primary. We assume that the detection threshold of a CCF signal is five times the rms of the CCF continuum, and use a lower limit of 1.8 km s −1 for the surface of the CCF signal, suitable for stars later than F2 and not too metal-poor. Table 6 gives the resulting rotation velocity lower limit for objects in this Section. Fig. 8 displays the results as a function of period, to be compared with Fig. 2 . This calculation shows that all targets except OGLE-TR-82 cannot be isolated, slowly rotating late-type stars, and therefore the transiting object is most probably not a planet. All but OGLE-TR-127 have minimum rotational velocites compatible with an explanation in terms of single eclipsing binaires, albeit with R ≥ 2 R ⊙ . OGLE-TR-127 cannot be a single synchronised binary with a late-type primary, and may be either a multiple-lined binary or a hot star. Its spectrum shows strong H β compared to H α which may indicate an A-type star. For OGLE-TR-82, our spectrum does not have high enough signal to detect any CCF (SNR tot ≃ 2.0, SNR sky ≃ 1.7).
The position of these objects in the detectability plot (Fig. 11) show that they quite neatly fall into two categories:
Three of the objects, OGLE-TR-89, 118 and 127, are also markedly lower than confirmed eclipse/transit cases in terms of reliability of the photometric transit detection. Therefore they may well be false positives, and in that case the absence of CCF signal would indicate hot stars (stars earlier than about F2 do not produce a detectable CCF signal). They would be the early-type complement of the false detection group constituted by OGLE-TR-124 and 131. Indeed, very hot temperatures (T > 8000 K) were found for OGLE-TR-89 and OGLE-TR-118 by Gallardo et al. (2005) from infrared photometry.
The other group, OGLE-TR-68, 82, 84 and 107, are objects situated above the detectability threshold, but near the faint end of the sample in terms of magnitudes. They are probably bona fide eclipsing binaries with large or early-type primaries, with synchronised rotation braodening the CCF below the detectability limit, with the exception of OGLE-TR-82. The spectrum of OGLE-TR-82 shows very little signal, 16 times less than OGLE-TR-84, which was measured on the same exposure and is 0.4 magnitudes fainter in I. This may be due to an incorrect centering of the FLAMES fiber. If the fiber was correctly centered on the object, the weakness of the signal (the spectrum flux is centered in the V filter) implies that OGLE-TR-82 is at least 3 magnitudes redder in V − I than OGLE-TR-84. The best solution for the light curve of OGLE-TR-82 is of a ∼ 0.1 R ⊙ body transiting across a ∼ 0.6 R ⊙ star. In this scenario the primary would be a K7/M0 dwarf. Such objects are extremely rare in a magnitude-selected sample, but the fact that the spectrum favors a very red object is intriguing. OGLE-TR-82 is therefore an interesting object that would deserve further observations. It may be a unique example of very small star or planet transiting in front of a late K dwarf on a very close orbit (P = 0.76 days). Multi-colour photometry or low-resolution spectroscopy would indicate if the primary is indeed such a late-type object. Table 6 . Data for objects with no detected signal in the CCF. N: number of measurements, σ CCF : rms of the CCF continuum, SNR: signal-to-noise ratio of the spectrum, v min sin i : minimum projected rotation velocity compatible with the absence of CCF signal for a single, late-type star. Table 7 summarizes the conclusions of the spectroscopic follow-up for our 42 targets in terms of mass and radius of the eclipsed and eclipsing body, and of the nature of the systems. Specific notes on some systems are included here.
Summary and individual notes
OGLE-TR-64
In the first of the three measurements, the two sets of lines are blended and were deblended using information from the other two measurements. The period is double that of the OGLE estimate. With the new period, the even transits are clearly shallower than the odd transits (0.030 and 0.018 mag respectively), reflecting the luminosity difference between the two components. OGLE-TR-85 The solution described in Section 4.2 in terms of a triple system was obtained from the heavily mixed double-lined CCF by iteratively fixing the parameters of the different components, using the fact that the rotational broadenings are constant from one exposure to the next, and that the radial velocity of the second component does not change. The spectra consist of a broad component superimposed on an even broader component. We assumed that the wide-lined system had a constant radial velocity, which yields a much better orbital solution for the other components than allowing it to vary. The parameters of the second component somewhat depend on the choice of fixed parameters for the first, so that the real uncertainties are higher than indicated in Table 3 . OGLE-TR-89 The CCF shows the possible presence of a very wide component, but the signal-to-noise ratio is not high enough to measure it with confidence. OGLE-TR-93 Fitting the photometric transit curve with this constraint yields r ∼ 0.34 M ⊙ for the unseen eclipsing companion. The light curve of this object shows a Table 7 . Results of the lightcurve+spectroscopy solution for all objects in our sample. R, r, M, m: radii and masses of the primary and secondary. i: orbital inclination. The last column summarizes the nature of the system, with a number referring to the Section where each case is treated. Question marks and brackets denote cases where the resolution is only tentative, columns (":") the values with high uncertainties.
sinusoidal modulation with half the period of the transit (Sirko & Paczyński 2003) , with an amplitude compatible with the presence of an eclisping companion with m ∼ 0.34 M ⊙ . While this tentative scenario explains all available data, other configurations cannot be eliminated entirely. OGLE-TR-99 For this object, there is a slight indication of a second dip in the CCF, but the depth and width of this possible dip are not compatible with a simple explanation of the transit in terms of an eclipsing binary. We therefore prefer the explanation in terms of a single dip, that gives a coherent solution. OGLE-TR-105 This object is an eclipsing binary constituted of a primary about twice larger than the secondary. The temperature difference between the two, however, is close enough for both the eclipse and anti-eclipse to be visible in the lightcurve. Consequently the orbital period is double that given by the OGLE survey. The eclipse depth ratio and the derived radii are compatible with a solar-type G dwarf eclipsing an evolved late-F star, with both stars on the same isochrone. OGLE-112 This case could serve as a textbook exercice for spectral CCF analysis. Two sets of narrow wide lines are superimposed on the very wide and shallow lines of the star undergoing the transit (see Fig. 1 ), and must be resolved before its radial velocity can be determined even approximately. The flux ratios and the difference between the two systemic velocities are compatible with a gravitationally bound quadruple system consisting of two close binary systems, one of them eclipsing. OGLE-TR-114 The velocity of the third component of this triple system shows a slight drift over the measurement period (V r = 43±12 m/s), which may indicate that it is gravitationally bound to the other two on a wider orbit. The surface of the three CCF dips are similar, which would be compatible with such a case. The orbit of OGLE-TR-114ab shows large velocity residuals around a circular orbit, that do not correspond to a Keplerian excentric orbit. OGLE-TR-118 The CCF in the two measured spectra is compatible with a very broad dip, with v sin i∼40 km s −1 . This would imply R ∼ 1.4 R ⊙ assuming tidal synchronisation, but the radial velocity change would then be of the order of 5 km s −1 , which would be too small for an orbital solution with a massive companion. This is the faintest star in our sample, and the signal-to-noise ratio of the spectra is not high enough to have confidence in the presence of a signal in the CCF.
Discussion
The mass-radius relation for planets and low-mass stars
The detection and characterisation of transiting extrasolar planets is the main result of this study, but mass and radius measurements for very small stars is an important byproduct. Stellar structure models predict a nearly proportional relation between mass and radius down to the stellar/brown dwarf transition, then a constant or slightly increasing radius throughout the brown dwarf domain down to the planet domain, with an age-dependent connection between the two domains (Chabrier et al. 2000) . Few radii are known yet for stars lighter than 0.5 M ⊙ , some from eclipsing binaries (CM Dra, Metcalfe et al. (1996) ; CU Cnc, Ribas (2003)), some from interferometric radius measurements (Lane et al. 2001; Ségransan et al. 2003) , and some from the previous OGLE transiting candidates (Paper I). Figure 9 shows the results of the present study in the massradius plot. It adds 6 new low-mass stars to the list of objects with accurate mass and radius determinations, together with three new planets. Moreover, two of our objects skirt the lower mass limit for stellar objects (∼ 0.08 M ⊙ ) and their radius measurements are especially interesting because they explore the mass domain where the models predict a change of regime between solar-like behaviour and a degenerate equation of state. Fig. 10 zooms on the stellar region below 0.5 M ⊙ , and compares the OGLE data from this paper and Paper I to other (Lane et al. 2001; Ségransan et al. 2003) . The lines show the models of Baraffe et al. (1998) and Chabrier et al. (2000) for low-mass stars and brown dwarfs for ages 0.5 and 5 Gyr. The vertical line shows the brown dwarf limit. The crossed circle is the position of our tentative solution for OGLE-TR-123. known stellar radii. The OGLE transit survey is seen to provide comparable constraints on the lower stellar mass-radius relation as all other studies combined, a very remarkable byproduct of the planet search. Our mass-radius data for stellar objects confirm the general adequacy of the models. In fact the agreement of the results from independent methods is excellent and indicates that at the level of a few percent there is no "second parameter" in the mass-radius relation for M dwarfs down to the stellar limit, as predicted by the models. OGLE-TR-106 is about 2-sigma away from the theoretical relation and may indicate a departure from the models near M = 0.2 M ⊙ , than needs to be confirmed with further data. OGLE-TR-122 is situated near the expected transition to a completely degenerate dependence of mass on radius. The uncertainty on its radius is still too high to constrain the models, but it does show that stars can reach smaller radii than planets, as predicted. Fig. 10 also plots the position of OGLE-TR-123 with the tentative solution derived from our three measurements. These would place it on the expected locus of young objects (τ < 1 Gyr), near or below the Hydrogen-burning limit and potentially within the brown-dwarf domain. This tantalizing result underlines the interest of collecting further spectroscopic data on this object, as well as a finer measurement of its photometric transit.
It is worth commenting on the absence of detection of transiting companions in four zones of the mass-radius plane:
1. the brown-dwarf domain (0.01-0.07 M ⊙ ) Fig. 9 . Mass-radius relation for low-mass stars and planets. Black dots show the objects in this study with well-determined mass and radius. Diamonds show Jupiter and Saturn, open circles the results of the OGLE bulge fields from Paper I, the hexagons are the three other transiting planets HD 209458 , OGLE-TR-56 (Konacki et al. 2003a ) and TrES-1 (Alonso et al. 2004) . The lines show the models of Girardi et al. (2002) for Solar-type stars, for ages 0, 3 and 10 Gyr, and of Baraffe et al. (1998) and Chabrier et al. (2000) for low-mass stars, brown dwarfs and planets for ages 0.5 and 5 Gyr. The absence of detection in the brown-dwarf domain (pending the resolution of the case of OGLE-TR-123) is an expected consequence of the paucity of brown dwarfs compared to planets and H-burning stars (Halbwachs et al. 2000) . However, theoretical radii for brown drawfs (Chabrier et al. 2000, Fig. 10) suggest that except in the first Gyr of their lifetime, they are expected to be significantly smaller than the detection threshold of the OGLE survey near 1 R J (the smallest transiting objects detected all have R ∼ 1R J ). Therefore, the lack of detection in the OGLE survey only indicates that brown dwarfs are either rare or smaller than 1 R J (or both).
The absence of heavy (2-10 M J ) gas giants is more significant, since these are expected to have radii comparable or larger than Hot Jupiters. Their absence is in agreement with indications from Doppler surveys that heavy gas giants are not found on tight orbits Udry et al. 2002; Pätzold & Rauer 2002 ) except in binary systems (Eggenberger et al. 2004) .
The absence of R > 1.3 R J Hot Jupiters like HD209458 in the OGLE Carina survey is a strong constraint, since such objects would have been much easier to detect in a transit survey than the three detected planets (see Section 6.4 below). This indicates that cases such as HD209458 are relatively rare.
Finally, the absence of credible candidate for light transiting planets in our sample (OGLE-TR-109, 124 and 131 could in principle harbour such objects, but as exposed in Section 4.4 an explantion in terms of false transit positive is found to be more likely) indicates that "hot Saturns" generally have smaller radii, or are less numerous than hot Jupiters. Some models of pure H-He close-in gas giants (Guillot 2005) show that light close-in planets could be inflated to 1 R J or higher by the incident flux of the star. Catastrophic evaporation scenarios like ) also predict a light, expanded but very transient state. The non-detection of R ∼ 1R J light planets in transit surveys needs to be confirmed with higher statistics but could indicate that hot Saturns have smaller radii than more massive gas giants, possibly indicating the presence of heavier material in their composition (Guillot 2005 ).
There are several objects for which we obtained only one measurement indicating a probable small eclipsing companion. Further radial velocity monitoring of these objects would be useful in the context of the low-mass stellar mass-radius relation. These are OGLE-TR-98, 99, 126 (and to a lesser degree OGLE-TR-94 with a probable grazing eclipse). As mentioned above, OGLE-TR-123 is especially interesting as a potential transiting brown dwarf.
Orbital circularisation timescale
Binaries with periods smaller than about 10 days are observed to be circularised by tidal interaction, except when a third body can pump excentricity into the orbit . In several cases our radial velocity measurements are numerous and precise enough compared to the orbital amplitude for a precise determination of the orbital excentricity, the value of the period being fixed by the transit signal. Simple models predict a 1/(1 + q)q dependence of the orbital circularisation timescale (Zahn 1989) , where q is the mass ratio, and therefore the circularisation is expected to take longer for lighter companions. This is indeed what we observed. From this data we conclude that the typical circularisation period for small M-dwarf reach down to 5 days, i.e. as low as for hot Jupiters.
Frequency of system types
If we adopt for each system the resolution considered most likely in Section 4, the bottom line of our follow-up is the following breakdown by type of system:
Transit by a small stellar companion 16 Grazing binary 3 Multiple systems 10 Transiting planets 3 False positives 6 Unspecified binary 2 Unsolved 2 Among the binary systems therefore, about half are transiting small stellar companions, a tenth are grazing binaries and the rest are triple or blended systems. The objects in this last category can be gravitationally bound systems or line-ofsight alignements. The observed velocity differences between the close binary and the third body are compatible with both scenarios.
We compared these results to the prediction of a Monte Carlo simulation based on Brown (2003) . The simulation predicts, for a transit signal depth of 0.02, 40% small eclipsing companions, 35% grazing eclipses, 18% physical triples and 7% line-of-sight blends, in good agreement with the observed proportions. The only difference is the lower number of grazing binaries in the observed sample, which probably reflects the fact that many such cases were rejected by eye by Udalski et al. (2002c Udalski et al. ( , 2003 because of obviously V-shaped transit.
Detection threshold and implications for planet properties
All three plantets discovered in the OGLE Carina survey are peculiar in some way compared to the Hot Jupiters found by radial velocity searches. OGLE-TR-113 and OGLE-TR-132 are "very hot Jupiters" with periods much shorter than any planet from Doppler surveys, and OGLE-TR-111 has a period of almost exactly 4 days. Here we try to understand the properties of the OGLE detection procedure and the statistical implications of the results for planet properties. Udalski et al. (2002c Udalski et al. ( , 2003 have used a threshold of α = 9 for transit candidate selection, where α is the criteria defined by Kovács et al. (2002) , α ≡ d/σ phot √ Nq (d is the transit depth, σ phot the mean photometric uncertainty, N the number of data points and q the length of the transit in phase -therefore N q is the average number of points expected in the transit). With figures typical of the OGLE Carina data (N=1150, σ phot = 0.006 mag), this implies that a planet with R ∼ 1.3R J with P ∼ 3 days could be detected in front of a R ∼ 1.2 R ⊙ star, and a R ∼ 1.1 R J in front of a R ∼ 1 R ⊙ star. The OGLE Carina fields contain several tens of thousands of objects with σ phot = 0.006 or better. Using a frequency of 1% for hot Jupiters and a geometric transit probability of 10%, several dozen detection of transiting hot Jupiters could be expected, while only three were detected up to now.
There are two explanations to this apparent paradox: first, planets are smaller and target stars are larger than usually assumed; second, the actual detection threshold is generally much higher than indicated by an α > 9 criteria.
All three transiting planets detected in Carina have radii comparable to Jupiter, contrasting with the high radius (R ∼ 1.4R J ) and very low density of HD 209458. This shows that HD 209458 is not a typical Hot Jupiter in terms of size, and that most hot Jupiters probably have smaller radii. Moreover, in a magnitude-limited sample in a Galactic disc field, the median radius of the target stars is about 1.4 R ⊙ (see e.g. Besançon Model of the Galaxy, Robin et al. 2003) . Therefore typical transiting hot Jupiter transits produce a signal of depth only ∼ 0.5 %, which is significantly below the detection capabilities of the OGLE survey.
Secondly, although the OGLE detection used a α > 9 threshold, Udalski et al. (2002c) also states that to avoid many obvious spurious detection, a further cut was also imposed in terms of the significance of the signal in the BLS periodogram (the "SDE" criteria of Kovács et al. 2002) . This criteria expresses the significance of the detection of a periodic transit signal in the lightcurve. For a given α, the SDE criteria is enhanced if -The actual number of points in the transit is larger than N q -The points are distributed in a larger number of different transits 1 The effect of the SDE criteria is difficult to model, especially in the presence of covariant residuals -as is typical of ground-based photometric data. This criteria tends to favor shorter periods (more different transits sampled) and periods multiple of 1 day (number of points in the transit increased by the stroboscopic effect). We tried to approximate the effect of this selection using an S d criteria, defined in analogy to the α criteria, but with the actual number of points in the transit rather than the mean: Fig. 11 illustrates our best attempt to model the transit detection threshold. A S d > 18 limit seems to define satisfactorily the limit of detectability of confirmed transits. Surprisingly, this is twice as high as the α = 9 threshold, indicating that for transits with low α, the actual number of points in the transit (N tra ) must be enhanced by a large factor compared to the mean number (N q) in order for the signal to be clearly detectable. . Transit signal-to-noise ratio (d/σ phot √ N tr ) as a function of magnitude, for the objects in our sample. The crosses identify the objects without signal in the CCF, for which our measurements do not confirm the presence of a transiting companion. Black dots indicate the objects without significant radial velocity variations. The lines show possible detectability limits according to the discussion in Section 6.4. Fig. 11 shows that at magnitudes brighter than about I = 15.3 mag, the detection threshold is even much higher. This can be expected because at these magnitude the systematic drifts in the photometry start dominating the photon noise (Udalski et al. 2005) . These drifts (due to varying atmospheric conditions and airmass) operate on timescales similar to the transit duration, a few hours. They therefore produce an additional noise in the periodogram. We model this effect by assuming that below a certain value σ min , the effective σ phot for transit detection no longer decreases, even if the nominal photometric uncertainty gets smaller. The detection limits for two possible values of σ min , 4.5 mmag and 6 mmag, is plotted in Fig. 11 . There is not enough data to decide which of these two values is more appropriate, but it does seem that our scheme provides a correct approximation of the selection limits.
With this caveat, we can model the behaviour of the detection threshold as a function of transit depth and period. We simulated sets of data with a time sampling typical of the OGLE Carina survey, and applied the S d > 18 selection criteria with various periods, and Monte Carlo realisations of a random phase shift. Fig. 12 plots, for three values of d/σ phot relevant for planetary transits, the proportion of detected transits in the simulations as a function of periods. Near the detection threshold, a strong dependence of detectability on period is observed. This effect typical of ground-based, mono-site transit surveys was already discussed by Gaudi et al. (2005) in the same context (cf their Fig. A4 ). The detection of transit signals with periods resonant with 1 day are slightly less favoured for deep transits, and greatly favoured for very shallow transits, compared with non-resonant periods. The lower panel of Fig. 12 shows that near the detection threshold, only transits with very short periods or periods very close to entire number of days can be detected.
These elements make the peculiar characteristics of the OGLE planets look more reasonable. OGLE-TR-113 has a very short period (P = 1.43 days), OGLE-TR-111 has a strongly resonant period (P = 4.02 days) and OGLE-TR-132 has both but to a weaker degree (P = 1.69 ∼ 5/3 days). (Note that the same effects are visible in the OGLE bulge field, with OGLE-TR-56 at a very short period and OGLE-TR-10 near a resonance). This also provides a qualitative understanding of the surprising abundance of "very hot Jupiters" and scarcity of normal hot Jupiters in the OGLE survey: most P < 1.5 day planets can be detected, but only a few percent of 3-4 day hot Jupiters near resonances. Gaudi et al. (2005) , from scaling arguments only, estimate that the detection of P=1-2 days planets is enhanced by a factor 6 compared to 3-10 days planets. By revealing that some OGLE candidates were probable false positives, correspondingly increasing the effective detection threshold, our study indicates that this selection bias could even be higher, further increasing the marging for compatibility between the radial velocity surveys and the OGLE survey. Thus we can state that at this point there is no significant incompatibility between the results of the OGLE survey and the radial velocity survey in terms of planet frequencies. More quantitative estimates would require more detailed modelling of the detection threshold and a better knowledge of the actual selection procedure than described in Udalski et al. (2002c) .
The absence of detection of large transiting hot Jupiters in Carina is also a strong contraint on the radius distribution of hot Jupiters, because the transit depth has a square dependence on the planetary radius. Inflated Hot Jupiters with R ∼ 1.4R J give rise to transits almost twice deeper and would be much easier to detect (compare the upper and lower panels of Fig. 12 ). Given the fact that hot Jupiters are near the detectability threshold, the absence of detection indicates that inflated hot Jupiters do not constitute more than a minor fraction of the total number of hot Jupiters. The detection of OGLE-TR-10 in the OGLE bulge sample, on the other hand, shows that they are not totally absent. On the small-radius side, it is possible that some hot Jupiters have substiantially smaller radii than 1.1 R J , and therefore the OGLE survey may have sampled only the highradius end of the actual radius distribution. Fig. 12 . Detection probability of a transiting planet in the OGLE Carina survey as a function of orbital period, according to Monte Carlo simulations, for three transit depths: 3 times (top), 2.5 times (middle) and 2 times (bottom) the dispersion of the photometric data. The detection criteria is d/σ phot √ N tra > 18. A R ∼ R J planet in front of a solar-type star with m I < 16 would be in the lower panel, a R ∼ 1.3R J planet would be in the upper panel.
Implications for spectroscopic follow-up of transiting candidates
There are a number of things that were learned with this study concerning exoplanet transit surveys and the associated Doppler follow-up. First, with FLAMES on the VLT we could push the limit of planet detection down to I = 16.5 (V ∼ 17.5).
It is probably impractical at present to go much beyond this values, at least with fiber-fed instruments, because even if a CCF signal can be obtained, it is unlikely to be measured with the precision necessary to detect a planetary orbit, even with an 8-m telescope. A slit spectrograph could gather more signal, but at the loss of radial velocity accuracy because of the difficulty of controlling the position of the object in the slit with sufficient precision (see the UVES measurements for OGLE-TR-8, 10 and 12 in Paper I). This implies that the OGLE survey is near the upper limiting magnitude for spectroscopic follow-up with ground-based facilities, and that deeper photometric transit surveys -such as for instance with the HST -would run into the difficulty of having no possibility of confirmation with the velocity orbit for most of their candidates. This is a major difficulty, because Paper I and this study amply confirm that lowmass companions can perfectly mimic the signal of a transiting planet in photometry. Another conclusion is that the list of possible configurations of the photometric and spectroscopic data is almost endless. The bestiary of cases encountered in our sample is even more varied than that of Paper I. It illustrates the range of contaminations expected in planetary transit survey, and the complexity of the subsequent spectroscopic follow-up. The systems fall in three broad categories: (i) bona fide planets (ii) eclipsing binaries in various configurations and (iii) false transit detections. Case (ii), in turn, divides in many subcases. For practical purposes there are two very different types of eclipsing binaries mimicking a planetary transit: either a grazing or blended eclipse of two large (R > 0.5 R ⊙ ) stars, or the transit of a small M-dwarf in from of a solar-type star. The duration and shape of the transit, as well as the presence of light-curve modulations outside the transit Sirko & Paczyński (2003) , can be useful to reject these. Note that the main source of confusion (transiting M-dwarfs) do not produce a detectable colour signature in the transit signal. Therefore colour information (see e.g. Charbonneau et al. 2004 ) is not a very strong discriminant for ground-based transit surveys.
All transiting candidates with a good CCF signal and sufficiently high transit signal-to-noise (S d ) turned out to be eclipsing binaries or transiting planets, and it is worth noting that our follow-up did not reveal any intrinsic source of false positives, such as stellar spots or unusual variability patterns.
This study illustrated the very high potential of FLAMES/UVES on the VLT for follow-up of transit candidates in medium-deep fields. In only 8 half-nights (32 hours) of observations, we have followed 42 transit candidates including all the most promising candidates revealed by the photometric survey, detecting three planets among a much larger sample of eclipsing binaries, as well as collecting valuable data on very low-mass stars on the way. As a comparison, for the OGLE bulge field it has taken several observation runs for three different teams to cover only a fraction of the candidates (see references in the Introduction). Our strategy for the spectroscopic follow-up, detailed in Section 2.1, has therefore proved its efficiency. Note however that it is designed to uncover planet cases among a large number of transiting candidates, and does not aim to be 100% complete. Because fast rotation is used as a telltale signal of orbital synchronisation, planets orbiting a fast-rotating star would not be detected. However, in such a case the detection of a planet would be made very difficult by the decreased accuracy of the radial velocity determination due to rotational line broadening. Planets orbiting stars too hot for precise radial velocities would also be missed.
Recently, Udalski et al. (2005) have announced a new list of 40 transiting candidates in six fields monitored during 2002 and 2003, using an improved candidate selection procedure taking into account the lessons of the high-resolution followup. If the resulting list provides comparable results to the Carina fields presented in this paper, the OGLE survey is on the way to securing its position as a very effective tool for groundbased transiting planet detection. 
